A-factor (2-isocapryloyl-3R-hydroxymethyl--butyrolactone) is a microbial hormone that triggers aerial mycelium formation and secondary metabolism in Streptomyces griseus. A-factor produced in a growthdependent manner switches on the transcription of adpA encoding a transcriptional activator by binding to the Afactor receptor protein (ArpA), which has bound the adpA promoter, and dissociating the DNA-bound ArpA from the DNA. AdpA then activates a number of genes with various functions required for morphological development and secondary metabolism, forming an AdpA regulon. AdpA, which contains a ThiJ/PfpI/DJ-1-like dimerization domain at its N-terminal portion and an AraC/XylS-type DNA-binding domain at its Cterminal portion, is a representative of a large subfamily of the AraC/XylS family. AdpA binds various positions with respect to the transcriptional start points of the target genes and recruits RNA polymerase to the specific promoter region, and facilitates the isomerization of the RNA polymerase-DNA complex into an open complex competent for transcriptional initiation. The AdpA-binding consensus sequence is 5 0 -TGGCS-NGWWY-3 0 (S: G or C; W: A or T; Y: T or C; N: any nucleotide). The DNA-binding specificity of AdpA in conjunction with that of other AraC/XylS family members is also discussed.
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The gram-positive, soil-inhabiting, filamentous bacterial genus Streptomyces shows complex morphological development (Fig. 1) . In an early stage of Streptomyces growth on a solid medium, spores germinate and subsequently develop into branched, filamentous, multinucleoidal hyphae (substrate hyphae) that contain relatively infrequent, thin, single-layer vegetative septa. Exponential growth is achieved by branching of the hyphae, resulting in an intricate mycelial network. The first step in the morphological differentiation is the emergence of aerial hyphae by reuse of material assimilated into substrate hyphae, such as proteins, nucleic acids, and storage compounds. Subsequently synchronous septation occurs only in the aerial hyphae to form chains of unigenomic compartments separated by double-layer, thick sporulation septa. At a later stage, chains of the unigenomic compartments are destined to become individual spores. In addition to this characteristic morphogenesis, Streptomyces is also characterized by its ability to produce a wide variety of secondary metabolites, such as antibiotics, immunosuppressants, and other biologically active substances. Because of the complex morphogenesis and its industrial and medical importance, Streptomyces is a model prokaryote for study of multicellular differentiation and secondary metabolite formation. [1] [2] [3] Secondary metabolite formation is sometimes called physiological differentiation, because it occurs during the idiophase after the main period of rapid vegetative growth and assimilative metabolism. In a streptomycin (Sm) producer, Streptomyces griseus, a low-molecular-weight chemical signaling molecule, A-factor (2-isocapryloyl-3R-hydroxymethyl--butyrolactone), triggers both morphological and physiological differentiation at a concentration as low as 10
A-factor produced in a growth-dependent manner reaches a critical concentration at or near the decision point and triggers aerial mycelium formation and biosynthesis of most secondary metabolites produced by S. griseus. The decision point is at the middle of the exponential growth, at which cells determine whether or not to differentiate morphologically and physiologically. The quantity of A-factor reaches a maximum value of 25 ng/ml at or near the decision point and rapidly decreases afterwards. We assume that A-factor, as a signaling molecule, contributes to coordination of gene expression in physically separate cells in a single hypha rather than between neighboring hyphae. Therefore, Afactor resembles hormones in higher eukaryotes and is called a ''microbial hormone''. It is also possible that Afactor serves as a signaling molecule for communication between neighboring hyphae, thus inducing rapid spory To whom correspondence should be addressed. Fax: +81-3-5841-5337; E-mail: ayasuo@mail.ecc.u-tokyo.ac.jp * Present address: Division of Molecular Neurobiology, Institute of Medical Sciences, The University of Tokyo, Minato-ku, Tokyo 108-8639, Japan Biosci. Biotechnol. Biochem., 69 (3), [431] [432] [433] [434] [435] [436] [437] [438] [439] 2005 Review ulation of a whole population. In contrast with A-factor, most -butyrolactones of other Streptomyces species are involved only in secondary metabolism and produced in a growth-stage-dependent manner, but not in a growthdependent manner. They are produced just before secondary metabolite formation at the late stage of exponential growth. The production pattern of thesebutyrolactones is apparently different from those of homoserine lactone-type quorum sensors in single-cell bacteria.
We have long studied how A-factor triggers morphological and physiological differentiation in S. griseus (see references 2-6 for review). We cloned afsA probably encoding an A-factor biosynthetic enzyme. 7, 8) We detected the A-factor receptor protein (ArpA) in the cytoplasmic fraction of S. griseus using [
3 H]A-factor, 9) and determined a repressor function of ArpA. 10) We purified ArpA and cloned the arpA gene, 11) and determined the DNA-binding activity of ArpA and a consensus ArpA-binding sequence. 12) In this study, we found that A-factor dissociates the DNA-bound ArpA from the DNA as determined in vitro. At this stage of research, we were able to formulate a model for the initiation of gene expression triggered by A-factor (Fig. 2) . A-factor is gradually accumulated in a growth-dependent manner by the action of AfsA, probably condensing a glycerol derivative and a -keto acid. When the concentration of A-factor reaches a critical level at or near the decision point, it binds ArpA, which has bound and repressed the promoter of a target gene, and dissociates ArpA from the promoter, thus leading to transcription and translation of the target gene. From our recent results with X-ray crystallography A-factor triggers the transcription of adpA by binding to ArpA, which has bound the adpA promoter, and dissociating the DNAbound ArpA from the DNA. The structure of ArpA is illustrated on the basis of the structure of CprB (an ArpA homolog) determined by X-ray chrystallography. A transmission electron microgram of a matured spore and scanning electron micrograms of substrate and aerial hyphae are shown. A-factor at an extremely low concentration acts as a switch for progression from substrate mycelium to aerial mycelium and at the same time for secondary metabolite formation. Sm, streptomycin; GX, a yellow pigment, grixazone.
of CprB, an ArpA homolog in Streptomyces coelicolor A3(2), the structural change of ArpA upon binding Afactor can be explained at the atomic level. 13, 14) ArpA consists of two domains: an N-terminal DNA-binding domain and a C-terminal A-factor binding domain. Upon binding A-factor, a long helix connecting the two domains is relocated, as a result of which the DNAbinding helix moves outside, resulting in dissociation from DNA, as illustrated in Fig. 2 .
Our next question concerned the target gene(s) of ArpA. Although in vitro experiments established a consensus sequence to which ArpA binds, the target gene(s) of ArpA were unknown. Identification of the target gene of ArpA was a crucial task for elucidating the A-factor regulatory cascade. We have identified adpA encoding a pleiotropic transcriptional activator as the sole target gene of ArpA. AdpA activates various genes required for both morphological development and secondary metabolism, forming an AdpA regulon. It is hence concluded that AdpA amplifies the A-factor signal. In this review, we summarize our study of AdpA, a central transcriptional regulator in the A-factor regulatory cascade that leads to morphological development and secondary metabolism in S. griseus.
I. Identification of adpA as a Target Gene of the A-Factor Receptor
In the Sm biosynthetic gene cluster of S. griseus, strR encodes a pathway-specific transcriptional activator required to transcribe other genes within the cluster. 15) An A-factor-dependent protein (AdpA) was identified to bind the region upstream of the strR promoter and activate its transcription. 16) Therefore, AdpA was regarded as an important regulator that transmitted the upstream A-factor signal directly to the Sm production genes via strR. Starting with a crude lysate prepared from mycelium of the S. griseus wild-type strain, we purified AdpA and cloned the adpA gene. 17) Recombinant AdpA produced in Escherichia coli bound and recognized the upstream activation sequence for strR. The À35 and À10 regions of adpA were found to overlap with a sequence highly similar to the consensus sequence of the ArpA-binding site. As expected, ArpA bound the promoter region of adpA in the absence of Afactor, but did not do so in its presence. Furthermore, exogenous addition of A-factor to the ArpA-DNA complex immediately dissociated ArpA from the DNA. Consistently with this finding, S1 nuclease mapping showed that adpA was transcribed only in the presence of A-factor. Thus adpA proved to be a target of ArpA.
II. AdpA Representing a Subgroup of the AraC/XylS Family
AdpA, consisting of 405 amino acids, belongs to the AraC/XylS family, which is characterized by two helixturn-helix DNA binding motifs at their C-terminal portions in most cases. 18, 19) The AraC/XylS family regulators also contain a non-conserved domain at their N-terminal portions involved in effector/signal recognition and dimerization. The N-terminal portion of AdpA has sequence homology with members of the ThiJ/PfpI/DJ-1 family (Fig. 3) . This family is an expanding new protein family, distributed in bacteria, Archaea, and Eukarya. Since human DJ-1 and Hsp31 in E. coli, both of which belong to the ThiJ/PfpI/DJ-1 family, form a dimer, the N-terminal portion of AdpA perhaps serves as a domain for dimerization. AdpA forms a dimer in solution, as determined by gel filtration column chromatography. 20) S. coelicolor A3(2) and Streptomyces avermitilis contain the adpA ortholog and 10 and 12 homologs respectively, showing end-toend similarity to AdpA. Furthermore, more than 100 proteins of various bacteria, which also show end-to-end similarity to AdpA, have been registered in gene databases. Although the functions of most of these AdpA-type proteins are still unknown, these proteins with a ThiJ/PfpI/DJ-1-like domain at their N-terminal portions and an AraC/XylS-type DNA-binding domain at their C-terminal portions can be grouped in a large subfamily of the AraC/XylS family.
III. AdpA as a Positive Regulator for Streptomycin Biosynthesis
For determination of the in vivo function of adpA in S. griseus, an adpA-disrupted strain was constructed. 17) The adpA disruption had no effect on growth in liquid or on a solid medium. As expected, in the ÁadpA strain, no transcription of strR was detected and no Sm was produced. Furthermore, overexpression of adpA caused the wild-type S. griseus strain to produce large amounts of Sm at an earlier growth stage. All these data suggest that AdpA is a transcriptional activator for strR, a pathway-specific transcriptional gene in the Sm biosynthetic gene cluster, and that the A-factor signal is AdpA contains a ThiJ/PfpI/DJ-1-like dimerization domain at its N-terminal portion, and an AraC/XylS-type DNA-binding domain including two HTH motifs (HTH-1 and HTH-2) at its C-terminal portion.
transmitted to Sm biosynthesis via ArpA, AdpA, StrR, and the Sm biosynthesis genes. The timing of the onset of Sm biosynthesis is therefore determined by the intracellular concentration of A-factor. aphD, encoding a major Sm resistance determinant, strepyomycin-6-phosphotransferase, is under the control of the adpAdependent promoter, because aphD is transcribed mainly by read-through from the strR promoter. Direct dependence of the aphD transcription on the A-factorinducible strR promoter accounts for the prompt induction of Sm resistance and helps achieve a rapid increase in self-resistance to avoid suicide just before induction of Sm biosynthesis.
IV. AdpA Regulon
A-factor triggers not only Sm production but also aerial mycelium formation. A yellow pigment (grixazone) is also produced in response to it. 21) Because the ÁadpA strain failed to make aerial mycelium and to produce grixazone, we assumed that some other genes responsible for aerial mycelium formation and the biosynthesis of secondary metabolites other than streptomycin are also under the control of AdpA. We collected DNA fragments that are recognized and bound by AdpA by the gel mobility shift-PCR method. 22, 23) Among the DNA fragments, we found adsA that encodes an extracytoplasmic function (ECF) sigma factor of RNA polymerase essential for aerial mycelium formation, 22) sgmA that encodes a metalloendopeptidase that is probably involved in apoptosis of substrate hyphae during aerial mycelium development, 24) ssgA that encodes a small acidic protein essential for spore septum formation, 25) and an open reading frame that encodes a probable pathway-specific transcriptional regulator for the biosynthesis of a polyketide compound. 20) In addition to these genes, we also found the following genes as targets of AdpA through genetic studies: amfR that encodes a response regulator-like protein essential for activation of the amf operon, 26) sprT and sprU, both of which encode a trypsin-type protease, 27) and sprA, sprB, and sprD, all of which encode a chymotrypsin-type protease (unpublished results). There must be many other genes controlled by AdpA. Concerning the biosynthesis of grixazone, AdpA appears indirectly to activate the pathway-specific transcriptional activator gene (griR) in the grixazone biosynthetic gene cluster (unpublished results). Figure 4 illustrates the control of these genes with various functions by AdpA that is the central activator of the AdpA regulon.
The presence of many genes, all of which are simultaneously activated by AdpA at a specific point in the growth phase, means that the signal from A-factor is greatly amplified at this regulatory step via AdpA as an amplifier (Fig. 4) . In the A-factor regulatory pathway, afsA, arpA, and adpA are common to secondary metabolism and morphological differentiation, because disruption of either of these genes simultaneously affects both phenotypes. AdpA thus serves as a switch for many genes, each of which is necessary for the respective phenotypes under the control of A-factor.
V. adpA as the Only Significant Target of ArpA
Concerning the model of the A-factor regulatory cascade (Fig. 4) , the question whether ArpA targets additional genes other than adpA arose. Recently we found that there is no significant target gene of ArpA other than adpA as described below. Because ArpA acts as a repressor for aerial mycelium formation and secondary metabolism, an arpA-disruptant forms aerial hyphae and spores earlier than the wild-type strain and overproduces Sm. 28) On the other hand, mutant MK2, expressing a mutant ArpA (Trp119Ala), neither produces secondary metabolites nor forms aerial hyphae, since this A-factor-insensitive mutant ArpA always binds to and represses the adpA promoter due to the amino acid replacement of Trp-119 with Ala. 28) Trp-119 of ArpA is essential for A-factor binding, and replacement of this Trp residue with Ala abolishes its A-factor-binding ability, resulting in the formation of a mutant ArpA that binds the target DNA irrespective of the presence of Afactor. 29) If ArpA has additional targets, expression of adpA under a constitutive promoter would not be enough to restore the phenotypes of MK2, because the additional target gene(s), which might also be essential for morphogenesis and secondary metabolite production, must be repressed by the mutant Trp119Ala ArpA. When adpA under the control of a foreign, constitutively expressed promoter is introduced into mutant MK2, all the phenotypes that we can observe are restored. 28) These results indicate that the only significant target of ArpA is adpA.
VI. In Vitro Analysis on the Function of AdpA as a Transcriptional Activator
AdpA is a representative of a large subfamily of AraC/XylS family transcriptional regulators. It is interesting to elucidate the molecular mechanism of transcriptional activation by AdpA. For activation of target genes, a dimer of AdpA binds various positions, for example, more than 200 bp upstream and 25 bp downstream of their transcriptional start points. In addition, AdpA binds a single site for activation of some genes and two or three sites for other genes. Figure 5 shows positions of the AdpA binding sites in the genes of the AdpA regulon. For transcriptional activation, some genes require simultaneous binding of a dimer of AdpA to multiple sites. Despite the differences in the binding position and the number of binding sites, AdpA recruits RNA polymerase to the specific promoter region of the target genes and facilitates the isomerization of the RNA polymerase-DNA complex into an open complex for transcriptional initiation, as determined by potassium permanganate footprinting for amfR, 26) adsA, 20) and ssgA. 20) Recruitment of RNA polymerase to the promoter of a target gene is a typical mechanism for the transcriptional activation of general activators. 30) However, it is still unclear how the AdpA molecules bound to multiple sites activate transcription in a cooperative manner.
VII. How AdpA Binds Target Sites
Consensus AdpA-binding sequence Alignment of more than 10 AdpA-binding sequences, which were determined by DNase I footprinting, did not predict an apparent consensus sequence for AdpA binding. Hence we performed interference assays on five AdpA-binding sites. 20) The assays used were the uracil interference assay to identify the 5-methyl group of thymine important for protein binding by replacing thymine with uracil; the missing T interference assay to determine the effect of removal of thymine on protein binding by means of replacement of thymine with uracil, followed by digestion with uracil-DNA glycosylase; and the missing GA interference assay to determine the effect of removal of guanine and adenine on protein binding by means of a chemical modification by the Maxam-Gilbert procedure. Alignment of the nucleotide sequences that were shown to be important by the interference assays revealed a consensus AdpA-binding sequence: 5 0 -TGGCSNGWWY-3 0 (S: G or C; W: A or T; Y: T or C; N: any nucleotide). The AdpA-binding sites so far identified all contain a sequence similar to this consensus sequence. In the consensus sequence, the 4th C is essential for AdpA binding, and replacement of this C residue with other nucleotides results in abolishment of AdpA binding. In addition to the consensus sequence of 10 nucleotides, an additional eight nucleotides 3 0 to this sequence also contributes to the affinity of AdpA, although there is no sequence conservation in this region.
Two DNA-binding motifs and the consensus sequence
The consensus nucleotide sequences bound by AraC, XylS, and SoxS, all belonging to the AraC/XylS family, are AGCN 7 TCCATA, TGCAN 6 GGNTA, and GCACN 7 CAAA respectively. These consensus sequences contain two highly conserved sequences separated by a linker of 6 to 7 bp. The centers of the two sequences separated by a linker are therefore separated by 10.5 to 11 bp, which corresponds to a pitch of a DNA helix. Since the AraC/XylS family proteins contain two helix-turn-helix DNA-binding motifs in one subunit, the two highly conserved sequences, separated by a linker in the recognition sequences of the AraC/XylS family, are known to be recognized separately by the two recognition helices in one subunit. The DNAbinding motif at the N-terminal side of AraC, XylS, and SoxS recognizes the highly conserved sequence at the 5 0 side in the respective consensus sequences. Thus the two helix-turn-helix DNA-binding motifs protruding from the same face of a monomer bind to the same surface of the DNA by inserting the two recognition helices of the motifs into adjacent major grooves. 31) The consensus AdpA-binding sequence is TGGCS-NGWWY, and the additional eight nucleotides 3 0 to this sequence also contribute to the affinity of AdpA. On the basis of the above-described manner of the DNAbinding of the AraC/XylS family members, we suppose that the TGGCS sequence is recognized by the helixturn-helix motif at the N-terminal side (HTH-1), and that the other nucleotides, including the additional eight nucleotides, are recognized by the helix-turn-helix motif at the C-terminal side (HTH-2) (Fig. 3) . This is in agreement with the idea that nucleotide recognition by HTH-2 in other AraC/XylS family members is more generous, and therefore less important, than that by HTH-1.
AdpA binding to target sites of different types
The lengths of the AdpA-binding sites that have been determined by DNase I footprinting varies from 25 bp to 55 bp. For example, sites 1, 2, and 3 for ssgA are 40, 33, and 53 bp respectively. 25) We found that one molecule of AdpA dimer binds each of these three sites irrespective of the difference in the length of the nucleotide sequence protected from DNase I digestion. 25) Why are the lengths of the AdpA-binding sites so different? Determination of the consensus AdpA-binding sequence enabled us to answer this question: AdpA binds these three sites in different manners.
(i) Type I. The ssgA-site 3 (a typical ''long'' site) includes the consensus sequence 5 0 -TGGCSNGWWY-3 0 at both ends as an inverted repeat with a spacer region of 14 bp (type I, in Fig. 6 ). Because one subunit of the AdpA dimer is supposed to recognize and bind one consensus sequence, both subunits of the AdpA dimer should bind the two consensus sequences, as illustrated in Fig. 6 . AdpA should bind the binding site for adsA and site 1 for amfR in similar manners. The ssgA-site 1 (a ''middle-length'' site) including the two consensus sequences as an inverted repeat with a spacer region of 2 bp can in principle be grouped in type I (type I 0 , in 6 ). Both subunits of the AdpA dimer should also bind the two consensus sequences, as illustrated in Fig. 6 .
(ii) Type II. The ssgA-site 2 (a typical ''short'' site) is another typical AdpA-binding site, and it includes one consensus sequence (type II, in Fig. 6 ). AdpA should bind sites of this type by anchoring the site with one subunit of the AdpA dimer, as is found for AraC in in vitro binding to a site, I 2 , in the araBAD promoter, 32) and for MelR in binding to a site (site 2) on the melAB promoter in the absence of melibiose. 33) A type II site is located approximately at positions from À45 to À55 for sprT, sprU, and sprB in the same orientation as that of the transcription. On the other hand, for site 2 for amfR and site A for sgmA, a type II site is located at positions from À65 to À55 in the opposite orientation to that of the transcription.
Flexible movement of the DNA-binding domain of AdpA
The type I binding sites have a space of 13 to 14 bp between the two consensus sequences. Both subunits of an AdpA dimer are required to sit on the consensus sequences, because a mutation at the 4th C in one of the two consensus sequences almost abolishes the ability of AdpA to bind the mutated site. 20) A series of mutant binding sites having various lengths of the spacer of the inverted repeat showed that 13 to 14 bp and 2 bp are optimal for a dimer of AdpA to bind. 20) In addition, AdpA still binds to mutated sites having different lengths of the spacer with a significant affinity. The generous binding specificity of AdpA perhaps results from flexibility of the DNA-binding domain in each subunit of the AdpA dimer. Similar generous binding specificity is also observed for AraC. Insertion of 10 or 21 bp between the AraC-binding direct repeat or inversion of the direct repeat does not abolish the affinity of AraC to these mutated sites, presumably because the dimerization domain at its N-terminal portion and the DNA-binding domain at its C-terminal portion are connected by a linker that moves flexibly. 34) Thus the DNA-binding domain of AdpA appears to be connected with the dimerization domain via a flexible linker, which permits AdpA to bind the mutated sites with different spaces between the two consensus sequences, as illustrated in Fig. 6 .
VIII. AdpA of S. coelicolor A3(2)
S. coelicolor A3(2) is the most extensively studied strain in the genus Streptomyces. As described above, this strain has one adpA ortholog, adpA-c. 35) Recently, involvement of adpA-c in morphological development has been reported. 36, 37) adpA-c (bldH) is required for the onset of aerial mycelium formation. Furthermore, adpAc is also involved in production of two pigment antibiotics (undecylprodigiosin and actinorhodin) in an opposite way: an adpA-c-disrupted strain overproduces undecylprodigiosin but fails to produce actinorhodin. Although the way AdpA-c triggers aerial mycelium formation and affects antibiotic production is unknown, we can safely say that AdpA-c is also an important regulator for the differentiation of S. coelicolor A3(2). However, adpA-c is not under the control ofbutyrolactones. Moreover, bldN (an adsA ortholog) is not activated by AdpA-c. These facts indicate that the regulatory cascades are different between S. coelicolor A3(2) and S. griseus.
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IX. Future Perspectives
For further characterization of the unique DNAbinding specificity of AdpA, X-ray crystallography of AdpA with different types (type I, I
0 , and II) of the target DNA fragments is required. The results would also give us some hints to reveal how AdpA facilitates open complex formation by RNA polymerase at an appropriate site. To discover how the AdpA molecules bound to multiple sites activate transcription in a cooperative manner, characterization of a probable complex of two AdpA dimers on a DNA fragment containing two AdpA-binding sites is necessary. However, difficulty in preparation of AdpA in a stable form hampers these analyses, for AdpA aggregates readily in solution. On the other hand, in conjunction with the function of AdpA in the A-factor regulatory cascade, we have made two interesting observations, as described below.
AdpA acts as a repressor for its own transcription
In the ÁadpA strain, the amount of the transcripts from the adpA promoter, especially in the early growth stage, is greatly increased compared to those in the wildtype strain, as determined by S1 nuclease mapping (unpublished results). This observation suggests that AdpA acts as a repressor for its own transcription. In accordance with this, AdpA binds around the adpA promoter, as determined by a gel mobility-shift assay (unpublished results). Furthermore, AdpA repressed the transcription from the adpA promoter in an in vitro runoff transcription experiment (unpublished results). Although detailed analysis of the repression mechanism has not been completed, these results strongly indicate a new function of AdpA as a transcriptional repressor.
AdpA affects A-factor production The ÁadpA strain produces almost ten times more A-factor than the wild-type strain. 28) This suggests that AdpA acts as an apparent repressor for A-factor production. In the A-factor regulatory cascade, the Afactor receptor protein, ArpA, does not affect A-factor production, while other -butyrolactone-receptors are required for production of the respective -butyrolactones. This is one of the vivid contrasts between the Afactor regulatory cascade in S. griseus and the otherbutyrolactone regulatory systems in some Streptomyces species. In S. griseus, A-factor production is controlled directly or indirectly by AdpA in a two-step regulatory feedback loop. It is possible that AdpA represses directly or indirectly the expression of A-factor biosynthetic genes, although transcription of afsA encoding a probable A-factor biosynthetic enzyme is not, apparently, affected by disruption of adpA (unpublished results). Another possibility is that AdpA activates the production of an A-factor-inactivating enzyme, although we have failed so far to confirm the existence of such an enzyme. The regulatory mechanism of A-factor production, as well as the biosynthetic pathway of A-factor, remains to be elucidated.
The genome sequencing of S. griseus will soon be completed in this laboratory, allowing us to carry out more comprehensive study by employing transcriptome and proteome techniques. This should enable us to understand the overall picture of the A-factor regulatory cascade more deeply.
